Background and Objectives: Lipid transfer protein (LTP) sensitization is the most common cause of food allergy in the Mediterranean area, with peach allergy acting as the primary sensitizer in most cases. Lettuce has been described as a common offending food in patients with LTP syndrome. The aim of the study was to investigate the frequency and clinical expression of LTP syndrome in a sample of lettuceallergic patients. Methods: We determined specific IgE to Pru p 3 and lettuce in a sample of 30 patients with a diagnosis of lettuce allergy. Symptoms elicited by other LTP-containing plant-derived foods and the presence of cofactors were assessed. Results: The clinical symptoms of lettuce allergy were frequently severe, with 18 of the 30 patients experiencing anaphylaxis. All the patients had allergic reactions to other plant foods. Cofactors were involved in the clinical reactions of 13 of the 30 patients. Sensitization to pollens was found in 90% of patients. Conclusions: Lettuce allergy is found not as an isolated condition but in the context of LTP syndrome and it is characterized by severe reactions and frequent cofactor association.
Introduction
Lipid transfer protein (LTP) sensitization is by far the most common cause of food allergy in the Mediterranean area [1, 2] , and in most cases peach allergy is the primary sensitizer [3, 4] .
While some patients remain allergic to just 1 plant-derived food, others tend to develop sensitization or allergy to a wide variety of unrelated plant foods and/or pollens. This condition has been termed lipid transfer protein syndrome [5] and is a consequence of the high degree of IgE cross-reactivity between lipid transfer proteins (LTPs), including those that are taxonomically distant [6] [7] [8] . Among the peculiarities of this syndrome are its geographical distribution (limited to the Mediterranean area), the frequent need for cofactors to elicit clinical reactivity, and reduced severity when pollen allergy is present [2, 4] .
It is also true that patients with LTP syndrome show a complex clinical pattern and multiple sensitizations to plant foods and pollens that complicate management [9] [10] . The main offending foods reported by patients, and confirmed by sensitization in skin prick tests (SPTs), are peach (75.6%), lettuce (48.9%), walnut (46.7%), and hazelnut (33.3%) [7] .
Although lettuce is one of the most frequent offending foods related to LTP syndrome, little is known about the peculiarities of lettuce allergy, as there have been few case reports and only 3 cases series have been described to date [11] [12] [13] . The aim of this study was to define the clinical characteristics of lettuce allergy and the frequency of LTP syndrome in a cohort of lettuce-allergic patients.
Materials and Methods
Patients referred with suspected food allergy to the outpatient clinic of Hospital Vall d'Hebron in Barcelona, Spain between 2010 and 2011 were studied. Lettuce allergy was diagnosed in patients with a clear history of adverse reactions suggestive of IgE-mediated allergy, along with a positive skin prick test (SPT) and/or food challenge test, in accordance with the diagnostic algorithm described by Ibañez et al [14] . Patients with severe systemic reactions to lettuce or with typical, recent, repeated, and unequivocal reactions to lettuce, with positive skin tests, did not undergo a diagnostic oral challenge test. Cofactor-enhanced food allergy was diagnosed according to a protocol proposed by our group [15] .
Symptoms elicited by other LTP-containing plant foods and the presence of cofactors were recorded. LTP syndrome was defined as sensitization to Pru p 3 (peach LTP) and symptoms induced by 2 or more unrelated plant foods. A detailed clinical history of symptoms related to other plant foods was recorded for all patients using the same criteria as described above. The protocol was approved by the hospital's ethics committee and patients provided informed consent to be included in the study.
SPTs were performed using commercials extracts of romaine lettuce (LETI Laboratories, S.L., Barcelona, Spain) and peach (ALK-Abello Laboratories, Madrid, Spain). For skin prick-to-prick tests, a lancet was pricked into the fresh leaves of different varieties of lettuce just before it was pricked into the skin, according to the standard method [16] . SPTs were also performed according to standard procedures with common commercial panels of plant-food allergenic sources and pollens present in our area (plane tree, mugwort, grass, wall pellitory, olive, cypress). Specific IgE to lettuce and Pru p 3 were determined by ImmunoCAP (Phadia, Thermo Fisher Scientific) and/or ImmunoCAP-ISAC 103 or 112 (Phadia, Thermo Fisher Scientific).
Specific IgE to Lac s 1 (lettuce LTP) had been qualitatively assessed by means of immunoblotting and mass spectrometry analysis in a previous study by our group [13] .
Results
Thirty lettuce-allergic patients (21 females and 9 males), with an average age of 30.5 years (range, 16-60 years), were included. Their clinical features are shown in Table 1 .
Clinical symptoms to lettuce were predominantly severe, with 60% of patients (18/30) experiencing anaphylaxis after lettuce ingestion (Table 2) , mainly in the context of cofactor involvement (13/18) . Altogether anaphylactic reactions induced by cofactors accounted for 43% of the reactions; exercise was the most common cofactor (53.8%), followed by nonsteroidal anti-inflammatory drugs (NSAIDs) (23%). In 3 patients more than 1 of the cofactors considered (NSAIDs, exercise, and alcohol) was involved.
Oral allergy syndrome and urticaria/angioedema were reported for 20% and 10% of the patients respectively and 3 patients (10%) reported gastrointestinal complaints only (Table 2) .
Lettuce sIgE was negative in 11 patients, and overall, the positive levels were low with a median of 0.99 kU/L (range, 0.11-5.97).
Lac s 1 recognition by immunoblotting was found in 80% of patients in a previous study by our group (Table 1) . In addition, specific IgE to Pru p 3 measured by ImmunoCAP was positive in all but 1 patient.
Serum from 24 of the 30 patients was available to perform ImmunoCAP-ISAC; the 103-ISAC panel was used in 15 cases and the more recent 112-ISAC panel in 9. Sensitization to at least 2 LTPs in the panel (Pru p 3, Ara h 9, Jug r 3, Cor a 8, Art v 3, and Pla a 3) was observed in 87% of cases; the distribution of frequencies is shown in Table 3 . Just 3 patients were sensitized to other plant food allergens in the microarray panel (profilin, Bet-v1 homologues, thaumatin, calciumbinding protein, vicilin, 2s-albumin, 11-s albumin, gliadin, papain-like cysteine protease, and expansin). One patient was sensitized to kiwi thaumatin-like protein (TLP) and 2 patients, both with grass pollinosis, were sensitized to profilins.
Sensitization to pollens was found in 90% of patients, 86% of whom reported rhinitis and/or asthma symptoms. Of the pollen-sensitized patients, 76.7% were sensitized to plane tree and 60% to mugwort; these pollens are known to contain LTP. Polysensitization to pollens and other plant foods was not associated with reaction severity.
All patients were sensitized to plant foods other than lettuce, and most of them (90%) had a previous history of allergic reactions to other plant foods, mainly stone fruits (Rosaceae) and tree nuts ( Table 4 ). The remaining 10% had experienced their first reaction with lettuce and had subsequently developed symptoms with other plant foods. Considering that 29 of the 30 lettuce-allergic patients were sensitized to Pru p 3 and that all of them were sensitized to and reported symptoms with more than 2 unrelated plant foods, 96.6% of the sample were considered to have LTP syndrome.
Discussion
In our population, lettuce allergy occurred in the context of LTP syndrome. Our results indicate that lettuce allergy is mostly due to sensitization to LTP (Lac s 1), supporting previous reports [11] , and seems to be driven by peach allergy. In most cases, patients reported having experienced reactions with peach prior to developing symptoms with lettuce and the majority had positive sIgE to peach LTP (Pru p 3), with proven cross-reactivity with lettuce LTP. Taken together, these observations suggest that peach acted as the primary sensitizer.
Lettuce allergy is an increasingly common condition in our population. Lettuce has several peculiarities that frequently impede its being recognized as responsible for an allergic reaction. First, it is seldom eaten alone and reactions normally occur after eating a salad containing not only lettuce but other vegetables all containing LTP. Second, in many cases, a cofactor (mainly exercise or a NSAID) is needed to elicit the reaction, and consequently, patients may tolerate lettuce or experience only mild symptoms on a regular basis when exercise and NSAID are not present in the hours preceding or following intake. Clinical expression of sensitization is thus extremely variable, and is seemingly dependent on the presence/ absence of a number of cofactors [4] . This implies that the presence of cofactors should always be assessed when studying a possible case of lettuce allergy and that tolerance after an index reaction does not rule out lettuce allergy [15, [17] [18] [19] .
ImmunoCAP seems to have very low sensitivity to lettuce sIgE, probably due to the low allergen content (not only of Lac s 1) in lettuce extracts.
All the patients in our series reported adverse reactions to other LTP-containing plant foods, mostly stone fruits (Rosaceae) and tree nuts. Interestingly, only 5 patients had anaphylactic reactions to peach; the rest had mild symptoms. This may be because patients generally avoid peach after the first reaction but continue to eat other LTP-containing plant foods.
Lettuce LTP was found to be the major allergen in our series, supporting previous reports [13] . However, while this LTP was recognized in 80% of lettuce-allergic patients, peach LTP was recognized in an even higher proportion and Abbreviations: CEFA, cofactor-enhanced food allergy; NSAID, nonsteroidal anti-inflammatory drug.
Abbreviation: NP, not present.
With 1 exception, all the patients were sensitized to peach (positive SPT and/or sIgE), with symptoms ranging from contact urticaria to anaphylaxis. Allergic reactions to peach were predominantly mild, with half of the patients experiencing only oral allergy symptoms or contact urticaria (Table 5 ).
87% of patients had positive results to more than 2 LTPs in the ISAC microarray. Similar results have been observed in peanut-allergic patients in Spain. The patients had both higher levels and a higher frequency of recognition of Pru p 3 than Ara h 9 and many of them had a previous history of peach allergy [20] . The inhibition assays indicated that Pru p 3 was the primary sensitizer.
In our study, the hypothesis of peach-driven lettuce allergy is supported by both clinical history and a higher frequency of Pru p 3 sensitization. Further inhibition studies, however, are needed to confirm this.
It is striking that 90% of our patients were sensitized to pollen. An association between LTP-mediated food allergy and pollinosis has been described in the Mediterranean area mainly with pollen LTP from plane tree (Pla a 3) [7, 12, [22] [23] [24] and mugwort (Art v 3) [25] [26] [27] [28] [29] [30] [31] . The high prevalence of sensitization to these pollens in our patients-76% and 60%, respectivelysupports the hypothesis of LTP and food pollen syndrome in our area [3, 28] . However, as the aim of our study was to characterize a sample of lettuce-allergic patients, we did not include a control group and were therefore unable to perform association studies.
Lettuce was not the first food trigger of an allergic reaction in most of the patients in our series, but it became part of the LTP syndrome. Lettuce allergy must therefore be considered when evaluating patients with multiple plant food allergies. Furthermore, we recommend that lettuce-allergic patients avoid cofactors because of the high risk of severe reactions.
Taken together, the findings of this study provide insight into the peculiarities of lettuce allergy, which is mostly due to sensitization to LTP and seems to be driven by peach allergy. In the majority of cases, lettuce was not the first offending food but it became part of the LTP syndrome, eliciting severe allergic reactions frequently enhanced by concomitant cofactors.
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